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Abstract. The large-scale gradient of the interstellar
medium (ISM) density distribution essentially aects the
evolution of Supernova remnants (SNRs). In a non-
uniform ISM, the shape of SNR becomes essentially non-
spherical, and distributions of gas parameters inside the
remnant become strongly anisotropic. The well-known
self-similar Sedov solutions may not be applied to mod-
elling such non-spherical objects. Therefore we propose a
new approximate analytical method for full hydrodynam-
ical description of 3D point-like explosions in non-uniform
media with arbitrary density distribution.
On the basis of this method, we investigate the general
properties of evolution of 2D non-spherical adiabatic SNRs
in ISM with large-scale density gradient.
It is shown that the real shape of adiabatic SNR be-
comes more non-spherical with age, but the visible shape
remains close to spherical even for strong real asymme-
try (ratio of maximal to minimal shock radii) and surface
brightness contrast. It is shown also that the values of the
parameters of X-ray radiation from the entire SNR (lumi-
nosity, spectral index) are close to those in the Sedov case
with the same initial data. However, the surface distri-
bution of the X-ray emission parameters is very sensitive
to the initial density distribution around the SN progen-
itor. Therefore, the X-ray maps give important informa-
tion about physical conditions inside and outside of the
non-spherical SNR.
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1. Introduction
The investigation of Supernova remnants (SNRs) gives im-
portant information on the physics of Supernova (SN) ex-
plosions, on the properties of the surrounding interstellar
medium (ISM) and on shock wave physics. The majority
of galactic SNRs are in the adiabatic stage of evolution
(Lozinskaya 1992). If the density of the ISM is uniform,
their hydrodynamics are well described by the self-similar
Sedov solution (Sedov 1959, Shklovskiy 1962). The typi-
cal values of plasma temperatures in SNRs are T ’ 106 to
108 K and, therefore, SNRs radiate mainly in the X-rays.
The spectral characteristics of the equilibrium X-ray emis-
sion for a plasma typical SNR abundances was calculated
by Shapiro & Moore (1976), Raymond & Smith (1977),
Shull (1981) and Gaets & Salpeter (1983).
But the real situation is more complicated. In many
SNRs, the plasma is in nonequilibrium ionization (NEI).
Often there is no thermal equilibrium between the elec-
trons and the ions. The physical conditions in the inner
parts of SNR may be modied by electron thermal conduc-
tivity (Itoh 1977, Cox & Anderson 1982, Hamilton et al.
1983, Jerius & Teske 1988, Borkowski et al. 1994, Bocchino
et al. 1997). There are also other eects which aect the
plasma emission in SNR, but their influence is small: res-
onant scattering, diusion etc. (Raymond & Brickhouse
1995 and references there). The Sedov solution may also
be modied by the presence of small-scale cloudlets in the
ISM (Bychkov & Pikelner 1975, McKee & Cowie 1975,
Sgro 1975, White & Long 1991).
Practically the all above-mentioned investigations as-
sumed spherical symmetry of SNRs, as the result of
their evolution in uniform ISM. However, the observa-
tions show predominantly nonspherical shapes (Seward
1990, Whiteoak & Green 1996). For example Kesteven &
Caswell (1987) and Bisnovatyi-Kogan et al. (1990) dene
a separate class of barrel-like SNRs. We have carried out
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the analysis of visual anisotropy for SNRs from the cat-
alogues of Seward (1990) and Whiteoak & Green (1996)
(Fig. 1). This gure shows that typical values of the visual
anisotropy is usually dmax=dmin = 1 to 2.
Many SNRs with nearly spherical visual shapes have
an anisotropic distribution of surface brightness (e.g. Ke-
pler SNR, Cygnus Loop, RCW86 etc.).
Therefore, truly spherical SNRs are considerably rarer
than believed.
Non-spherical SNRs (NSNRs) may be created by an
anisotropic SN explosion (e.g. Bisnovatyi-Kogan 1970).
Non-spherical shapes of SNRs in the free expansion stage
(Fig. 1) should be mainly produced in this way. Another
important reason for the non-sphericity of adiabatic SNRs
can be a non-uniform density distribution of the ISM or
the large-scale magnetic eld. In such cases, self-similar so-
lutions cannot be used, while direct numerical calculations
of the problem are dicult because of the complications
of 3D hydrodynamical modelling SNR evolution multiplies
by the complications of nonequilibrium describing of gas
element evolution. Therefore, at present only a few sim-
plied models have been built (Tenorio-Tagle et al. 1985,
Bodenheimer et al. 1984, Claas & Smith 1989, Bocchino
et al. 1997).
Real possibility to perform an investigation of the evo-
lution of non-spherical SNRs bases on approximate meth-
ods for hydrodynamics. The thin-layer (Kompaneets 1960)
approximation for the calculation of SNR shape is widely
used (Lozinskaja 1992, Bisnovatyi-Kogan & Silich 1995
and references there). But this approximation has low ac-
curacy for the adiabatic stage in a nonuniform medium
and does not allow to calculate the behaviour of the gas
inside the SNR (Hnatyk 1987, Hnatyk & Petruk 1996).
Hnatyk (1987) has shown that for our probleme it is more
promising to develop approximate methods under a sec-
tor approximation (Laumbach & Probstein 1969), which
allows to calculate both the SNR shape and the gas char-
acteristics. In the work of Hnatyk & Petruk (1996) a new
approximate analytical method for the complete hydro-
dynamical description of a point explosion in a medium
with an arbitrary regular but smooth density distribu-
tion was proposed . It combines the advantages of the two
above-mentioned methods and, therefore allows to calcu-
late the hydrodynamical aspects of non-sherical SNR evo-
lution with high enough accuracy in a short computing
time.
We use this method here, but we limit ourselves to the
case of equilibrium emissivity. Non-equilibrium eects will
be considered in a further paper.
2. Hydrodynamical modelling
As proposed by Hnatyk & Petruk (1996) the hydrody-
namical description includes two steps: the calculation of
shock front dynamics (shape of SNR) and the calculation
of the state of the plasma inside the SNR.
